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(57) ABSTRACT

A potential trouble can be in advance suppressed by analyz-
ing a defect of a wafer. A defect analyzing apparatus of
analyzing a defect of a substrate includes an imaging unit
configured to image target substrates; a defect feature value
extracting unit configured to extract a defect feature value in
a surface of the substrate based on the substrate image; a
defect feature value accumulating unit configured to calculate
an accumulated defect feature value with respect to the sub-
strates to create an accumulation data AH; a defect determi-
nation unit configured to determine whether the accumulated
defect feature value exceeds a preset critical value; and an
output display unit configured to output a determination
result from the defect determination unit.

12 Claims, 9 Drawing Sheets
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DEFECT ANALYZING APPARATUS,
SUBSTRATE PROCESSING SYSTEM,
DEFECT ANALYZING METHOD AND
COMPUTER-READABLE STORAGE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Japanese Patent
Application No. 2013-231300 filed on Nov. 7, 2013, the
disclosures of which are incorporated herein by reference.

TECHNICAL FIELD

The embodiments described herein pertain generally to a
defectanalyzing apparatus of analyzing a defect of a substrate
based on a substrate image, a substrate processing system
including the defect analyzing apparatus, a defect analyzing
method of analyzing the defect of the substrate, and a com-
puter-readable storage medium.

BACKGROUND

By way of example, in a photolithography process of a
semiconductor device manufacturing process, a series of pro-
cesses including a resist coating process of coating a resist
liquid onto a wafer to form a resist film, an exposure process
of'exposing the resist film to a preset pattern, and a developing
process of developing the exposed resist film is performed in
sequence, so that a preset resist pattern is formed on the wafer.
The series of processes is performed in a coating and devel-
oping system as a substrate processing system including vari-
ous processing units configured to process the wafer and a
transfer device configured to transfer the wafer.

One of defects occurring on the wafer processed in the
coating and developing system is a defocus defect caused by
a defocus during the exposure process. The main cause of the
defocus defect is that a stage of an exposure apparatus is
contaminated with particles. The contamination of the stage
is caused by particles adhering to, in particular, a rear surface
of the wafer loaded into the exposure apparatus. For this
reason, the wafer before being loaded into the exposure appa-
ratus needs to have a clean rear surface.

Further, the inside of the exposure apparatus is in a high
vacuum, and for example, during an operation of cleaning the
contaminated stage of the exposure apparatus, the exposure
apparatus is open to atmosphere, and after the cleaning opera-
tion, the exposure apparatus needs to be exhausted again to a
high vacuum level. For this reason, this cleaning operation
requires a lot of time and the coating and developing system
cannot be operated during the cleaning operation, which is a
problem in terms of productivity.

In this regard, Patent Document 1 suggests a substrate
processing system including a cleaning unit configured to
clean the rear surface of the wafer to keep the rear surface of
the wafer loaded into the exposure apparatus clean and an
inspection unit configured to image the cleaned rear surface
of the wafer with an imaging device such as a CCD line
Sensor.

In this substrate processing system, wafers cleaned by the
cleaning unit are inspected by the inspection unit, and only
wafers, which are confirmed as having particles in a tolerance
range, are loaded into the exposure apparatus. Thus, it is
possible to reduce defocus defect and contamination of the
stage.
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Patent Document 1: Japanese Patent Laid-open Publica-
tion No. 2008-135583

However, even if only the wafers, which are confirmed as
having particles in the tolerance range after being cleaned by
the cleaning unit and inspected by the inspection unit, are
loaded into the exposure apparatus, a defocus defect may still
occur.

In this regard, the present inventors assumed that a cause of
the defocus defect is that multiple wafers having particles in
the tolerance range are repeatedly transferred so that the
particles are gradually deposited at the same position on the
stage and grow to an intolerable size.

In order to avoid the defocus defect caused by the deposi-
tion of particles in the tolerance range, for example, it is
considered to more strictly set the tolerance range of particles.
However, in this case, even wafers, which have convention-
ally undergone the exposure process without any problems,
cannot pass this inspection, and, thus, it is not practical.
Therefore, the present inventors assumed that it is possible to
reduce the defocus defects caused by the particle growth if a
tendency of defects which include particles and occur in a
surface of the wafer is cumulatively checked and particles are
suppressed from being continuously deposited, for example,
at the same position on the stage.

SUMMARY

In view of the foregoing, example embodiments are pro-
vided to suppress potential troubles in advance by analyzing
defects of a wafer.

In one example embodiment, a defect analyzing apparatus
that analyzes a defect of a substrate includes an imaging unit
configured to image target substrates; a defect feature value
extracting unit configured to extract a defect feature value in
a surface of the substrate based on the substrate image; a
defect feature value accumulating unit configured to calculate
an accumulated defect feature value with respect to the sub-
strates; a defect determination unit configured to determine
whether the accumulated defect feature value exceeds a pre-
set critical value; and an output display unit configured to
output a determination result from the defect determination
unit.

In accordance with the example embodiment, by providing
the defect feature value extracting unit configured to extract a
defect feature value and the defect feature value accumulating
unit configured to accumulate the defect feature value, it is
possible to obtain a tendency of accumulated defects occur-
ring in the surface of the substrate. Further, since a determi-
nation result from the defect determination unit is outputted
through the output display unit, it is possible to adjust relative
positions between the substrate and a stage in order for par-
ticles as defects not to be deposited at the same positions on
the stage based on this output, for example, in an exposure
apparatus. Thus, itis possible to suppress potential troubles in
advance. Furthermore, since a position where the accumu-
lated defect feature value increases is intensively cleaned by,
for example, a cleaning unit, it is possible to suppress par-
ticles as defects from being introduced into the exposure
apparatus and deposited at the same positions on the stage.
Thus, it is possible to suppress potential troubles in advance.

In accordance with the example embodiment, the defect
feature value may be at least any one of a defect height or a
defect width.

In accordance with the example embodiment, the defect
feature value accumulating unit may calculate the accumu-
lated defect feature value with respect to each of the same
coordinates on the substrates, and the defect determination
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unit may determine whether at least any one of an defect
occurrence frequency at each of the same coordinates, the
accumulated defect height, or an accumulated defect width
exceeds the preset critical value.

In accordance with the example embodiment, the defect
analyzing apparatus may further include a storage unit con-
figured to previously store correlation data between a cause of
the defect and the defect feature value, and when the accu-
mulated defect feature value exceeds the preset critical value,
the defect determination unit may compare the accumulated
defect feature value with the correlation data stored in the
storage unit to determine the cause of the defect.

In another example embodiment, a substrate processing
system having the defect analyzing apparatus includes a rear
surface cleaning apparatus configured to clean a rear surface
of the substrate; a substrate transfer device configured to
transfer the substrate between the defect analyzing apparatus
and the rear surface cleaning apparatus; and a controller con-
figured to control the rear surface cleaning apparatus to clean
the rear surface of the substrate in the rear surface cleaning
apparatus based on the defect analysis result from the defect
analyzing apparatus.

In accordance with the another example embodiment, the
controller may control the rear surface cleaning apparatus to
clean a position where the accumulated defect feature value is
determined to exceed the preset critical value in the defect
determination unit.

In accordance with the another example embodiment, the
defect analyzing apparatus may perform a defect analysis on
the substrate after a cleaning process is performed on the
substrate in the rear surface cleaning apparatus, and the rear
surface cleaning apparatus may perform the cleaning process
on the rear surface of the substrate based on the defect analy-
sis result performed by the defect analyzing apparatus after
the substrate is cleaned by the rear surface cleaning apparatus.

In accordance with the another example embodiment, the
substrate processing system may further include an exposure
transfer device configured to transfer the substrate with
respect to a stage of an exposure apparatus provided outside
the substrate processing system, and the exposure transfer
device may adjust relative positions between the stage and the
substrate mounted on the stage based on the defect analysis
result performed by the defect analyzing apparatus.

Inyet another example embodiment, a substrate processing
system having the defect analyzing apparatus may include a
processing apparatus configured to mount the substrate on an
upper surface of a substrate holding unit that is provided in the
processing apparatus and has multiple protrusions, and con-
figured to perform a preset process on the held substrate; and
a substrate transfer device configured to transfer the substrate
with respect to the processing apparatus. The substrate trans-
fer device may adjust relative positions between the substrate
holding unit of the processing apparatus and the substrate
mounted on the substrate holding unit based on the defect
analysis result from the defect analyzing apparatus.

In still another example embodiment, a defect analyzing
method of analyzing a defect of a substrate includes imaging
target substrates; extracting a defect feature value in a surface
of the substrate based on the substrate image; calculating an
accumulated defect feature value with respect to the sub-
strates; determining whether the accumulated defect feature
value exceeds a preset critical value; and outputting a defect
determination result to a preset output display unit.

In accordance with the still another example embodiment,
the defect feature value may be at least any one of a defect
height or a defect width.
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In accordance with the still another example embodiment,
the calculating of the accumulated defect feature value may
be carried out with respect to each of the same coordinates on
the substrates, and the determining of whether the accumu-
lated defect feature value exceeds the preset critical value
may be carried out by determining whether at least any one of
a defect occurrence frequency at each of the same coordi-
nates, the accumulated defect height, and the accumulated
defect width exceeds the preset critical value.

In accordance with the still another example embodiment,
the defect analyzing method may further includes storing
correlation data between a cause of the defect and the defect
feature value in advance, and when the accumulated defect
feature value exceed the preset critical value, the accumulated
defect feature value may be compared with the correlation
data to determine the cause of the defect.

In a yet still another example embodiment, a program to be
executed in a computer of a controller may control a substrate
analyzing apparatus to perform the defect analyzing method
by the defect analyzing apparatus.

In a further still another example embodiment, a computer-
readable storage medium may be stored thereon computer-
executable instructions that, in response to execution, cause a
substrate processing system to perform a defect analyzing
method.

In accordance with the example embodiments, it is pos-
sible to suppress potential troubles in advance by analyzing
the defect of the wafer.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description that follows, embodiments are
described as illustrations only since various changes and
modifications will become apparent to those skilled in the art
from the following detailed description. The use of the same
reference numbers in different figures indicates similar or
identical items.

FIG. 1is aplane view schematically illustrating an internal
configuration of a substrate processing system in accordance
with an example embodiment;

FIG. 2 is a side view schematically illustrating the internal
configuration of the substrate processing system in accor-
dance with the present example embodiment;

FIG. 3 is a side view schematically illustrating the internal
configuration of the substrate processing system in accor-
dance with the present example embodiment;

FIG. 4 is a cross-sectional view schematically illustrating a
configuration of a defect analyzing unit;

FIG. 5 is a longitudinal cross-sectional view schematically
illustrating the configuration of the defect analyzing unit;

FIG. 6 is an explanatory diagram schematically illustrating
a configuration of a defect analyzing apparatus;

FIG. 7 is a defect distribution diagram showing positions,
where defects are specified by a defect feature value extract-
ing unit, as dots;

FIG. 8 is a defect distribution diagram showing positions,
where defects are specified by the defect feature value
extracting unit, as dots;

FIG. 9 is a defect distribution diagram showing positions,
where defects are specified by the defect feature value
extracting unit, as dots;
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FIG. 10 is a defect distribution diagram showing positions,
where defects are specified by the defect feature value
extracting unit, as dots;

FIG. 11 is an explanatory diagram showing accumulation
data when a defect feature value is a defect height;

FIG. 12 is an explanatory diagram showing accumulation
data when a defect feature value is a defect width;

FIG. 13 is an explanatory diagram showing accumulation
data when a defect feature value is a defect occurrence fre-
quency;

FIG. 14 is an explanatory diagram showing a positional
relationship among a stage of an exposure apparatus, a wafer,
and a particle;

FIG. 15 is an explanatory diagram showing a positional
relationship among a stage of an exposure apparatus, a wafer,
and a particle; and

FIG. 16 is a defect distribution diagram in accordance with
another example embodiment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part of the descrip-
tion. In the drawings, similar symbols typically identify simi-
lar components, unless context dictates otherwise. Further-
more, unless otherwise noted, the description of each
successive drawing may reference features from one or more
of the previous drawings to provide clearer context and a
more substantive explanation of the current example embodi-
ment. Still, the example embodiments described in the
detailed description, drawings, and claims are not meant to be
limiting. Other embodiments may be utilized, and other
changes may be made, without departing from the spirit or
scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as gen-
erally described herein and illustrated in the drawings, may be
arranged, substituted, combined, separated, and designed in a
wide variety of different configurations, all of which are
explicitly contemplated herein.

Hereinafter, example embodiments will be described. FI1G.
1 is an explanatory diagram schematically illustrating an
internal configuration of a substrate processing system 1
including a defect analyzing apparatus in accordance with the
present example embodiment. FIG. 2 and FIG. 3 are side
views each schematically illustrating the internal configura-
tion of the substrate processing system 1. Further, in the
present example embodiment, a case where the substrate
processing system 1 is a coating and developing system con-
figured to perform, for example, a photolithography process
on a substrate will be described as an example.

The substrate processing system 1 has, as illustrated in
FIG. 1, a configuration in which, for example, a cassette
station 2 as a loading/unloading unit through which a cassette
C is loaded and unloaded with respect to, for example, the
outside; a process station 3 as a processing unit including
various multiple processing units configured to perform pre-
set wafer processes sheet by sheet during a photolithography
process; and an interface station 5 as a transfer unit configured
to deliver a wafer W to/from an exposure apparatus 4 adjacent
to the process station 3, are integrally connected. The sub-
strate processing system 1 also includes a controller 6 con-
figured to control the substrate processing system 1.

The cassette station 2 is divided, for example, into a cas-
sette loading/unloading unit 10 and a wafer transfer unit 11.
By way of example, the cassette loading/unloading unit 10 is
provided at an end portion side of the substrate processing
system 1 in a negative Y-direction (a left direction in FIG. 1).

10

15

20

25

30

35

40

45

50

55

60

65

6

In the cassette loading/unloading unit 10, a cassette mounting
table 12 is provided. On the cassette mounting table 12,
multiple, for example, four mounting plates 13 are provided.
The mounting plates 13 are arranged in a line in a horizontal
X-direction (a vertical direction in FIG. 1). On the mounting
plates 13, cassettes C can be mounted when the cassettes C are
loaded and unloaded fromy/to the outside of the substrate
processing system 1.

In the wafer transfer unit 11, there is provided a wafer
transfer device 21 which is moved on a transfer path 20
extending in the X-direction as illustrated in FIG. 1. The
wafer transfer device 21 is also moved in the vertical direction
and rotated around a vertical axis (in a 0-direction), and is
configured to transfer the wafer W between the cassette C on
each of the mounting plates 13 and a delivery unit of a third
block G3 in the process station 3 to be described later.

In the process station 3, multiple, for example, four blocks
G1, G2, G3, and G4 each including various units are pro-
vided. At the front side (a negative X-direction side in FIG. 1)
in the process station 3, the first block G1 is provided, and at
the rear side (a positive X-direction side in FIG. 1) in the
process station 3, the second block G2 is provided. Further, at
the cassette station 2’s side (the negative Y-direction side in
FIG.1)inthe process station 3, the third block G3 is provided,
and at the interface station 5’s side (a positive Y-direction side
in FIG. 1) in the process station 3, the fourth block G4 is
provided.

Inthe first block G1, as illustrated in FIG. 2, multiple liquid
processing units, for example, a developing unit 30 config-
ured to perform a developing process on the water W, a lower
anti-reflection film forming unit 31 configured to form an
anti-reflection film (hereinafter, referred to as a “lower anti-
reflection film”) under a resist film of the wafer W, a resist
coating unit 32 configured to supply a resist liquid onto the
wafer W to form a resist film, and an upper anti-reflection film
forming unit 33 configured to form an anti-reflection film
(hereinafter, referred to as an “upper anti-reflection film”) on
the resist film of the wafer W, are stacked in four layers in
sequence from the bottom.

Each of the units 30 to 33 in the first block G1 has multiple
cups F, each of which accommodates the wafer W therein
during a process, in the horizontal direction and can process
multiple wafers W in parallel.

In the second block G2, as illustrated in FIG. 3, heat treat-
ment units 40 each of which performs a heat treatment or a
cooling treatment on the wafer W, adhesion units 41 as hydro-
phobic treatment apparatuses each of which performs a
hydrophobic treatment on the wafer W, and peripheral expo-
sure units 42 each of which exposes an outer peripheral por-
tion of the wafer W are vertically and horizontally arranged.
Further, the numbers and the arrangement of the heat treat-
ment units 40, the adhesion units 41, and the peripheral expo-
sure units 42 can be appropriately selected.

Inthe third block G3, multiple delivery units 50, 51,52, 53,
54, 55, and 56 are provided in sequence from the bottom.
Further, in the fourth block G4, multiple delivery units 60, 61,
and 62, a defect analyzing unit 63 as a defect analyzing
apparatus configured to inspect a rear surface of the wafer W
whether there is a defect, and a rear surface cleaning unit 64
configured to clean the rear surface of the wafer W before
being loaded into the exposure apparatus 4 are provided in
sequence from the bottom.

A wafer transfer region D is formed in a region surrounded
by the first block G1 to the fourth block G4 as illustrated in
FIG. 1. In the wafer transfer region D, for example, a wafer
transfer device 70 is provided.
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The wafer transfer device 70 has a transfer arm that is
moved, for example, in the Y-direction, the forward and back-
ward directions, the 0-direction, and the vertical direction.
The wafer transfer device 70 can be moved within the wafer
transfer region D and transfer the wafer W into a preset unit in
the first block G1, second block G2, third block G3 and fourth
block G4. By way of example, multiple wafer transfer devices
70 are vertically arranged as illustrated in FIG. 3 and can
respectively transfer the wafers W into preset units in the
blocks G1 to G4 at approximately the same heights as the
wafer transfer devices 70.

Further, in the wafer transfer region D, there is provided a
shuttle transfer device 80 which straightly transfers the wafer
W between the third block G3 and the fourth block G4.

The shuttle transfer device 80 is configured to be straightly
moved, for example, in the Y-direction in FIG. 3. The shuttle
transfer device 80 can be moved in the Y-direction while
holding the wafer W and transfer the wafer W between the
delivery unit 52 in the third block G3 and the delivery unit 62
in the fourth block G4.

As illustrated in FIG. 1, a wafer transfer device 90 is
provided at the positive X-direction side of the third block G3.
The wafer transfer device 90 has a transfer arm that is moved,
for example, in the forward and backward directions, the
0-direction, and the vertical direction. The wafer transfer
device 90 can be moved up and down while holding the wafer
W to transfer the wafer W into each of the delivery units in the
third block G3.

In the interface station 5, an exposure transfer device 100 is
provided. The exposure transfer device 100 has a transfer arm
that is moved, for example, in the forward and backward
directions, the O-direction, and the vertical direction. The
exposure transfer device 100 can transfer the wafer W into
each of the delivery units in the fourth block G4 and the
exposure apparatus 4 while holding the wafer W by the trans-
fer arm.

Hereinafter, the configuration of the defect analyzing unit
63 will be described.

The defect analyzing unit 63 has a casing 110 as illustrated
in FIG. 4. Within the casing 110, a mounting table 111 on
which the wafer W is mounted is provided as illustrated in
FIG. 5. The mounting table 111 has a holding member 120
configured to hold the outer peripheral portion of the wafer W
with the rear surface of the wafer W facing downwards; and a
supporting member 121 configured to support the holding
member 120. On a bottom surface of the casing 110, there are
provided guide rails 122, 122 which extend from one end side
(anegative X-direction side in FIG. 5) to the other end side (a
positive X-direction side in FIG. 5) within the casing 110. The
supporting member 121 is configured to be moved along the
guide rails 122, 122 by a non-illustrated driving device.

An imaging apparatus 130 is provided as an imaging unit
on a side surface on the one end side (the negative X-direction
side in FIG. 5) within the casing 110. By way of example, a
wide-angle CCD camera is used as the imaging apparatus
130. There will be described a case where an image is mono-
chrome with the number of bits of 8 (256 gradations from O to
255) as an example. Further, the defect analyzing unit 63 is
provided with a defect analyzing device 150 configured to
analyze defects based on the image of the wafer W (substrate
image) captured by the imaging apparatus 130. The details of
the defect analyzing device 150 will be described later.

In a region between the guide rails 122, 122 and below the
wafer W held by the holding member 120, for example, two
illumination devices 131, 131 are provided. The illumination
devices 131, 131 are configured to irradiate an area wider than
the diameter of the wafer held by the holding member 120. As
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the illumination devices 131, 131, for example, LEDs may be
used. The illumination devices 131, 131 are arranged to face
each other and irradiate an obliquely upper portion. Further, a
height where optical axes ofthe illumination devices 131, 131
are intersected with each other is substantially the same as a
height of the rear surface of the wafer W held by the holding
member 120. Therefore, light beams irradiated from the illu-
mination devices 131, 131 irradiate substantially the same
position on the rear surface of the wafer W.

In a region between the guide rails 122, 122 and vertically
below the position where the optical axes of the illumination
devices 131, 131 are intersected, a mirror 132 is provided.
The mirror 132 is provided to be inclined downwards, for
example, at 22.5 degrees from a horizontal position in a
direction opposite to the imaging apparatus 130. Further, in
front of the imaging apparatus 130 and at a position obliquely
above at 45 degrees from the mirror 132, a mirror 133 is
provided. The mirror 133 is provided to be inclined down-
wards, for example, at 22.5 degrees from a vertical position in
a direction of the bottom surface of the casing 110. For this
reason, an upper position of the mirror 132 in a vertical
direction is within the imaging range of the imaging appara-
tus 130. Accordingly, the light beams irradiated from the
illumination devices 131, 131 and reflected from the rear
surface of the wafer W are reflected by the mirror 132 and the
mirror 133, respectively, while changing in direction by 45
degrees, and then introduced into the imaging apparatus 130.
Therefore, by moving the mounting table 111 in one direction
along the guide rails 122, 122 to allow the wafer W held by the
mounting table 111 to be crossed above the mirror 132, the
entire rear surface of the wafer W can be imaged by the
imaging apparatus 130. However, the two illumination
devices 131 are not necessarily provided, and arrangement
and the number of the illumination devices 131 can be appro-
priately set as long as it is possible to adequately irradiate
light beams to the rear surface of the water W. Furthermore, as
for the mirrors 132 and 133, for example, there may be pro-
vided a mirror inclined at 45 degrees vertically below the
position where the optical axes of the illumination devices
131, 131 are intersected, and arrangement and the number of
the mirrors 132 and 133 can be optionally set. The captured
image of the wafer W (substrate image) is inputted to the
defect analyzing device 150 through the controller 6.

The controller 6 is composed of a computer including, for
example, a CPU or a memory and includes a program storage
unit (not illustrated). In the program storage unit, programs
for implementing preset operations in the substrate process-
ing system 1, i.e., application of a resist liquid to the water W,
development, heat treatment, delivery of the wafer W, control
of the units by controlling the operations of the above-de-
scribed various processing units and the transfer devices are
stored. Further, the programs may be stored, for example, in
a computer-readable storage medium H such as a hard disk
(HD), compact disk (CD), magneto-optical disk (MO) or
memory card and installed from the storage medium H into
the controller 6.

Hereinafter, the configuration of the defect analyzing
device 150 configured to analyze defects based on the sub-
strate image will be described. The defect analyzing device
150 is composed of a general-purpose computer including,
for example, a CPU and a memory. The defect analyzing
device 150 includes, for example, as illustrated in FIG. 6, a
defect feature value extracting unit 160 configured to extract
a defect feature value in the surface of the wafer W based on
the substrate image captured by the imaging apparatus 130; a
defect feature value accumulating unit 161 configured to
accumulate the defect feature value extracted by the defect
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feature value extracting unit 160 for each of multiple wafers
W and calculate an accumulated defect feature value in which
the defect feature values for the wafers W are added up; a
defect determination unit 162 configured to determine
whether or not the accumulated defect feature value calcu-
lated by the defect feature value accumulating unit 161
exceed a preset critical value; a communication unit 163
configured to input and output various kinds of information to
and from the controller 6; and an output display unit 164
configured to display output of the substrate image or output
the defect determination value from the defect determination
unit 162.

The defect feature value extracting unit 160 is configured
to digitize the substrate image inputted from the controller 6
into the defect analyzing device 150 as pixel values, for
example, in a pixel unit. Further, the defect feature value
extracting unit 160 is further configured to compare each
pixel in the surface of the wafer W with a preset value and
specify a pixel, which exceeds the preset value, as a defective
pixel in which a defect is found in the wafer W. Further, a
region where defective pixels are continuously distributed is
specified as a single defect (a defective region), and a feature
value is extracted from the defective region. FIG. 7 is an
explanatory diagram of an example of a diagram (defect
distribution diagram) showing positions, which are specified
as the defective region E by the defect feature value extracting
unit 160, as dots. A defect feature value may include, for
example, a defect height or a defect width. By way of
example, a defect width as the defect feature value can be
obtained based on an area of the defective region of the
continuous defective pixels and a correlation between an area
of a defective pixel and the actual defect width, which are
previously obtained by a test. Further, in the same manner, a
defect height can be obtained based on a pixel value of each
pixel in the defective region and a correlation between a pixel
value of a defective pixel and the actual defect height, which
are previously obtained by a test. Although each defective
region E is simply expressed as a dot in FIG. 7, the defect
feature value extracting unit 160 obtains a defect feature value
from each defective region E.

In the defect feature value accumulating unit 161, for
example, defect distribution diagrams of other wafers W as
illustrated in FIG. 8 to FIG. 10 are obtained as well as the
defect distribution diagram as illustrated in FIG. 7. Further,
accumulated defect feature values from the defect distribu-
tion diagrams of the multiple wafers W are calculated, and
new accumulation data AH, AW, and AF are created, for
example, as illustrated in FIG. 11, FIG. 12, and FIG. 13. The
accumulation data AH, AW, and AF will be described.

By way of example, in the accumulation data AH, AW, and
AF, the defect feature values from the defect distribution
diagrams of the multiple wafers W are accumulated with
respect to each of the respectively corresponding pixels, and
the accumulated defect feature values are plotted in the sur-
face of the wafer W. FIG. 11 to FIG. 13 show examples of the
accumulation data AH, AW, and AF created by accumulating
the defect feature values with respect to, for example, 50
wafers W. By way of example, the data may be obtained by
accumulating the defect feature values from the defect distri-
bution diagrams of the multiple wafers W, for example, 50
watfers W in the present example embodiment, with respect to
each pixel at the same coordinates in the 50 wafers W. FIG. 11
shows accumulation data AH obtained by accumulating the
defect heights, as the defect feature values, with respect to
each pixel at the same coordinates in each wafer W. In FIG.
11, “A” denotes a pixel having an accumulation value of 201
um or more as a result of accumulating the defect heights, as
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defect feature values, with respect to 50 wafers W. Further, in
FIG. 11, “A” denotes a pixel having an accumulation value of
151 pm to 200 pum, “[7” denotes a pixel having an accumula-
tion value of 101 um to 150 um, “O” denotes a pixel having
an accumulation value of 51 um to 100 um, “s (dot)” denotes
a pixel having an accumulation value of 1 um to 50 pm.

Further, in the accumulation data AH, for example, an
accumulation value of the defect feature values when the
defect height of 10 um is found in five wafers W of the 50
wafers W is the same as an accumulation value of the defect
feature values when the defect height of 50 pum is found in
only one wafer W of 50 wafers W.

FIG. 12 shows accumulation data AW obtained by accu-
mulating the defect widths, as the defect feature values, with
respect to each pixel at the same coordinates in the wafers W.
As shown in FIG. 11, FIG. 12 shows accumulation values of
the defect widths as respectively corresponding symbols.
Further, in the accumulation data AW like the accumulation
data AH, an accumulation value of the defect feature values
when the defect width of 10 um is found in five wafers W of
50 wafers W is the same as an accumulation value of the
defect feature values when the defect width of 50 um is found
in only one wafer W of 50 wafers W.

FIG. 13 shows accumulation data AF obtained by accumu-
lating the defect occurrence frequencies, as the defect feature
values, with respect to the same pixel. The accumulation data
AF are obtained by accumulating pixels, in which as the
defect feature values, the defect height and the defect width
exceed preset values, at the same coordinates. To be more
specific, in the present example embodiment, for example, if
the defective region E occurs in pixels at the same coordinates
in 20 wafers W of 50 wafers W, the defect occurrence fre-
quency is 20 as expressed by “O” in FIG. 13. This accumu-
lating operation is carried out to all of the pixels in the surface
of the wafer W, so that the accumulation data AF as shown in
FIG. 13 are obtained.

In the defect feature value accumulating unit 161, the accu-
mulation data AH, AW, and AF may be updated in sequence
by, for example, creating a new defect distribution diagram
whenever a substrate image is captured by the imaging appa-
ratus 130, and accumulating the defect distribution diagram
in sequence with respect to the corresponding accumulation
data AH, AW, and AF. Alternatively, in the defect feature
value accumulating unit 161, all defect data from the defect
feature value extracting unit 160 and the individual substrate
images are stored first, and then, the stored data may be used
to create the accumulation data AH, AW, and AF at a certain
timing. Hereinafter, there will be explained a case where the
accumulation data AH, AW, and AF are updated in sequence
as an example unless particularly specified otherwise.

The defect determination unit 162 is configured to deter-
mine whether or not accumulation values of the defect feature
values of the respective accumulation data AH, AW, and AF
exceed the respective preset critical values. By way of
example, as for the accumulation data AH, assuming that a
defocus defect is likely to occur in a position where the
accumulation value of the defect heights is 201 pm or more
since the particles as the defects are accumulatively deposited
on a stage (not illustrated) of the exposure apparatus 4, two
critical values of, for example, 100 um or more and 201 pum or
more may be set. Further, in the accumulation data AH, when
a pixel having the accumulation value of the defect height of
100 um or more occurs, it is determined as, for example, “high
defocus risk”, and when a pixel having the accumulation
value of the defect height of 201 um or more occurs, it is
determined as, for example, “double high defocus risk”. A
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determination result of the defect determination unit 162 is
displayed as, for example, alarm on the output display unit
164.

Hereinafter, there will be explained an example method of
using the analysis result of the defects from the defect ana-
lyzing device 150. By way of example, if a pixel having an
accumulation value of a defect height of 100 um or more
occurs and “high defocus risk” is displayed on the output
display unit 164, an operator who checks the output can know
that particles are deposited on a certain position of the stage
(not illustrated) of the exposure apparatus 4, so that the defo-
cus is highly likely to occur. However, if an accumulation
value at a certain pixel in the accumulation data AH is 100 pm
or more, it is difficult to determine whether the accumulation
value of the pixel is caused when the defect height of 10 pm
occurs in 10 wafers W of 50 wafers W or when the defect
height of 100 pm or more occurs in only one wafer W of 50
wafers W.

Therefore, for example, by comparing the accumulation
data AF displayed on the output display unit 164 with the
accumulation data AH, it is possible to know the defect status
in a pixel having the accumulation value of the defect height
of 100 pm or more. Further, by comparing the accumulation
data AF with the accumulation data AH, if the defect occur-
rence frequency is low and the defect height is high, it can be
determined as an accidental defect. Further, a case where the
defect occurrence frequency is high and the defect height is
also high can be determined as a reproducible defect and can
also be determined that there is a factor required to improve
during a process of the wafer W. Therefore, the operator can
know a tendency of defects by checking the accumulation
data AF and the accumulation data AH on the output display
unit 164. Thus, in order to suppress defects, the operator can
determine the necessary operation to be performed.

To be specific, if a reproducible defect having a high defect
occurrence frequency and a high defect height occurs, for
example, a process that causes the defect is specified from a
position where the defect occurs. By way of example, if
defects distributed in a concentric circular shape occurs in the
wafer W like the accumulation data AH as shown in FIG. 11,
it can be assumed that this defect occurs when the coating
process is performed on the wafer W by spin coating, and the
liquid processing unit is intensively inspected. Thus, it
becomes easy to specify a cause of the defect.

Further, if the defect occurrence frequency is low and the
defect height is high, it can be determined as an accidental
defect. Thus, it is possible to specify a cause by inspecting a
process in which a large defect in a height direction is likely
to occur. Furthermore, if the defect occurrence frequency is
low and the defect height is also low, it is not an urgent case,
and it can be determined to monitor the progress thereof.
Moreover, if the defect occurrence frequency is high but the
defect height is low, it can be determined whether to imme-
diately inspect the apparatus or to inspect the apparatus for
specifying a cause at the same time as a regular inspection,
depending on an expected defocus risk.

The substrate processing system 1 in accordance with the
present example embodiment has the configuration as
described above, and hereinafter, a process of the wafer W to
be performed in the substrate processing system 1 configured
as above will be explained.

During the process of the wafer W, the cassette C that
accommodates multiple wafers W is mounted on a certain
mounting plate 13 of the cassette loading/unloading unit 10.
Then, each of the wafers W within the cassette C is unloaded
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in sequence by the wafer transfer device 21 and transferred,
for example, into the delivery unit 53 in the third block G3 of
the process station 3.

Then, the wafer W is transferred by the wafer transfer
device 70 into the heat treatment unit 40 in the second block
(G2 and temperature-controlled. Thereafter, the wafer W is
transferred by the wafer transfer device 70, for example, into
the lower anti-reflection film forming unit 31 in the first block
G1, in which a lower anti-reflection film is formed on the
wafer W. The wafer W is then transferred into the heat treat-
ment unit 40 in the second block G2 and subjected to a heat
treatment. The wafer W is then returned back to the delivery
unit 53 in the third block G3.

Then, the wafer W is transferred by the wafer transfer
device 90 into the delivery unit 54 in the same third block G3.
Thereafter, the wafer W is transferred by the wafer transfer
device 70 to the adhesion unit 41 in the second block G2 and
subjected to a hydrophobic treatment. The wafer W is then
transferred by the wafer transfer device 70 to the resist coat-
ing unit 32, in which a resist film is formed on the wafer W.
The wafer W is then transferred by the wafer transfer device
70 to the heat treatment unit 40 and subjected to a pre-baking
treatment. The wafer W is then transferred by the wafer trans-
fer device 70 to the delivery unit 55 in the third block G3.

Then, the wafer W is transferred by the wafer transfer
device 70 to the upper anti-reflection film forming unit 33, in
which an upper anti-reflection film is formed on the wafer W.
The wafer W is then transferred by the wafer transfer device
70 to the heat treatment unit 40, and heated and temperature-
controlled. The wafer W is then transferred to the peripheral
exposure unit 42 and subjected to a peripheral exposure treat-
ment.

The wafer W is then transferred by the wafer transfer
device 70 to the delivery unit 56 in the third block G3.

The wafer W is then transferred by the wafer transfer
device 90 to the delivery unit 52 and transferred by the shuttle
transfer device 80 to the delivery unit 62 in the fourth block
G4. The wafer W is then transferred by the exposure transfer
device 100 in the interface station 5 to the rear surface clean-
ing unit 64 and subjected to a rear surface cleaning treatment.
The wafer W of which the rear surface is cleaned is trans-
ferred by the exposure transfer device 100 to the defect ana-
lyzing unit 63, in which the rear surface of the wafer W is
imaged.

A substrate image captured by the defect analyzing unit 63
is inputted to the defect analyzing device 150 through the
controller 6 and the communication unit 163. In the defect
analyzing device 150, a defect distribution diagram is sequen-
tially created by the defect feature value extracting unit 160
based on the substrate image. In the defect feature value
accumulating unit 161, the substrate image is accumulated in
sequence and the accumulation data AH, AW, and AF are
updated in sequence.

Further, in the defect determination unit 162, the accumu-
lation data AH, AW, and AF are determined in sequence, and
if an accumulation value exceeds a preset critical value, an
alarm notifying this determination result is outputted on the
output display unit 164. Then, a status of the wafer W is
determined by the program in the controller 6 as being able to
be exposed in the exposure apparatus 4 be as long as the
accumulation value does not exceed the preset critical value,
and the wafer W is transferred by the exposure transfer device
100 to the exposure apparatus 4.

Herein, if the accumulation value of each of the accumu-
lation data AH, AW, and AF exceeds the preset critical value
and the defect occurrence frequency is high, for example, as
illustrated in FIG. 14, it is assumed that a particle P accumu-
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latively adheres to a stage 4a of the exposure apparatus 4, so
that the particle P having a certain height is deposited thereon.
As shown on the stage 4a, for example, if the wafer W is
mounted on an upper surface thereof including multiple pro-
trusions, the wafer W is transferred such that relative posi-
tions between the stage 4a and the wafer W are deviated in the
exposure apparatus 4. By way of example, as illustrated in
FIG. 15, it is possible to suppress the defocus from occurring
by avoiding adhesion of the particle P to the same position,
particularly leading ends of the protrusions of the stage 4a.

Further, if the accumulation value of each of the accumu-
lation data AH, AW, and AF exceeds the preset critical value
and the defect occurrence frequency is high, for example, it is
determined by the controller 6 as being unable to be exposed,
and a subsequent process supposed to be performed on the
wafer W may be stopped. In this case, the wafer W is trans-
ferred by the exposure transfer device 100 to the delivery unit
62 and is transferred by the shuttle transfer device 80 to the
delivery unit. Then, the wafer W is transferred to the cassette
station 2 and collected into the cassette C on the preset mount-
ing plate 13.

Furthermore, ifthe accumulation value of each of the accu-
mulation data AH, AW, and AF exceeds the critical value and
the defect occurrence frequency is low, for example, it is
determined by the controller 6 that only a wafer W corre-
sponding to the substrate image last captured, i.e., a wafer W
corresponding to the substrate image of which the accumu-
lation value exceeds the critical value, is highly likely to have
the defocus risk, and only the wafer W is transferred by the
exposure transfer device 100 to the delivery unit 62 and the
other wafers W are continuously transferred to the exposure
apparatus 4. Further, the wafer W corresponding to the sub-
strate image last captured is transferred again to the rear
surface cleaning unit 64 to clean the rear surface thereof, and
then inspected again by the defect analyzing unit 63. In this
case, desirably, the cleaning treatment to the wafer W by the
rear surface cleaning unit 64 is performed based on the deter-
mination result from the defect determination unit 162. To be
specific, it is desirable to clean again only the position corre-
sponding to the defect, which is determined as having the high
defocus risk, or intensively clean the position.

The exposed wafer W is transferred by the exposure trans-
fer device 100 to the delivery unit 60 in the fourth block G4.
Then, the wafer W is transferred by the wafer transfer device
70 to the heat treatment unit 40 and subjected to a post-
exposure baking treatment. Thereafter, the wafer W is trans-
ferred by the wafer transfer device 70 to the developing unit
30 and developed. After the developing process is finished,
the wafer W is transferred by the wafer transfer device 70 to
the heat treatment unit 40 and subjected to a post-baking
treatment.

Thereafter, the wafer W is transferred by the wafer transfer
device 70 to the delivery unit 50 in the third block G3, and
then transterred by the wafer transfer device 21 in the cassette
station 2 to the cassette C on the preset mounting plate 13.
Thus, a series of photolithography processes ends.

In accordance with the above-described example embodi-
ment, since the defect analyzing unit 63 includes the defect
feature value extracting unit 160 configured to extract a defect
feature value and the defect feature value accumulating unit
161 configured to accumulates the defect feature values with
respect to multiple wafers W, it is possible to obtain an accu-
mulated tendency of the defects occurring in the surface of the
wafer W. Further, since a determination result from the defect
determination unit 162 is outputted on the output display unit,
based on this output, it is possible to take action such as
adjusting relative positions between the wafer W and the
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stage 4a in order for the particle P as the defect not to be
deposited at the same position on the stage 4a in the exposure
apparatus 4. Thus, it is possible to suppress potential troubles
in advance. Further, as for a position where the accumulation
value of the defect feature values increases, it is possible to
suppress the particle P as the defect from being introduced
into the exposure apparatus and deposited at the same posi-
tion on the stage 4a, for example, by controlling the rear
surface cleaning unit 64 to intensively clean the position
under the control of the controller 6. For this reason, it is
possible to also suppress the potential troubles in advance.

Further, in the above-described example embodiment, the
output display unit 164 outputs the accumulation data AH,
AW, and AF, and alarms such as “high defocus risk” and
“double high defocus risk”. However, the output display unit
164 may output other information such as whether or not a
defect in which a process needs to be immediately stopped by
comparing the accumulation value of the defect feature val-
ues with a critical value and with the defect occurrence fre-
quency by the defect determination unit 162.

Furthermore, for example, if a storage unit 165 configured
to previously store correlation data between a defect feature
value and a cause of the corresponding defect is provided in
the defect analyzing device 150 as illustrated in FIG. 6, and
the defect determination unit 162 determines that the defect
feature value exceeds a critical value, the defect determina-
tion unit 162 assumes a cause of the defect occurrence by
comparing the correlation data in the storage unit 165 with a
defect feature value and, for example, the output display unit
164 may output the assumed cause. To be specific, for
example, as described above, ifthere is a correlation between
a position where the defects having the high accumulation
value of the defect feature values are distributed in the con-
centric circular shape on in the wafer W and a coating process
performed on the wafer W by the spin coating, there are stored
in the storage unit 165 as correlation data between the defect
feature value and a cause of the defect. Further, the defect
determination unit 162 assumes that the defect is caused by,
for example, the spin coating by comparing a position deter-
mined to exceed a critical value with the correlation data
stored in the storage unit 165.

Further, in the above-described example embodiment, a
defect feature value is determined with respect to each pixel
of the substrate image. However, for example, the accumula-
tion data AH, AW, and AF may be created or a defect deter-
mination may be made based on an average value obtained by
averaging the defect feature values in pixels in a preset region.
In this case, for example, as illustrated in FIG. 16, the output
display unit 164 may display a determination result of a defect
in each region R. Further, although the region R is setina grid
pattern in FIG. 16, the region R can be optionally set.

Furthermore, in the above-described example embodi-
ment, there has been explained an example where relative
positions between the wafer W and the stage 4a are adjusted
in order for the particle P not to be deposited at the same
position on the stage 4a in the exposure apparatus 4. However,
this adjustment of adjusting a transfer position of the wafer W
to suppress the particle P from being deposited at the same
position can be applied to other processing apparatuses. By
way of example, a plasma processing apparatus that performs
a film forming process or an etching process on a wafer W
using plasma or a bonding apparatus that performs bonding of
a wafer W also includes a substrate holding unit such as an
electrostatic chuck or a vacuum chuck configured to hold the
wafer W on an upper surface thereof including multiple pro-
trusions as illustrated in FIG. 14. In such a processing appa-
ratus, it is possible to avoid troubles caused while the wafer W
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is bent due to the particle by adjusting relative positions
between the wafer W and the substrate holding unit in the
same manner as the case for the stage 4a in the exposure
apparatus 4 to suppress deposition of the particle P at the same
position, particularly leading ends of the protrusions on the
substrate holding unit.

Although the example embodiment has been explained
above, the present disclosure is not limited thereto. It is clear
that various changes and modifications may be made by those
skilled in the art in the scope of the present disclosure defined
by the following claims, and it shall be understood that all
modifications and embodiments conceived from the meaning
and scope of the claims and their equivalents are included in
the scope of the present disclosure. The present disclosure is
not limited to the above example embodiment and can adopt
various aspects. In the above example embodiment, an imag-
ing target object is a rear surface of a substrate. However, the
present disclosure can be applied to a case where a front
surface of a substrate is imaged. Further, the above-described
example embodiment is applied to a coating and developing
system for a semiconductor wafer. However, the present dis-
closure can be applied to a coating and developing system for
other substrates such as a FPD (flat panel display), and a mask
reticle for photomask instead of a semiconductor wafer.

INDUSTRIAL APPLICABILITY

The present example embodiment is applicable to the

analysis of a defect of a wafer.

We claim:

1. A defect analyzing apparatus of analyzing a defect of a

substrate, the defect analyzing apparatus comprising:

an imaging unit configured to image target substrates;

a defect feature value extracting unit configured to extract
a defect feature value in a surface of the substrate based
on the substrate image;

a defect feature value accumulating unit configured to cal-
culate an accumulated defect feature value with respect
to the substrates;

a defect determination unit configured to determine
whether the accumulated defect feature value exceeds a
preset critical value; and

an output display unit configured to output a determination
result from the defect determination unit,

wherein the defect feature value is at least any one of a
defect height or a defect width, and

the defect feature value accumulating unit is configured to
update an accumulation data including at least any one
of a total defect height or a total defect width, by accu-
mulating at least any one of the defect height or the
defect width of the substrate into at least any one of the
total defect height or the total defect width with respect
to each of the same coordinates on the substrates.

2. The defect analyzing apparatus of claim 1,

wherein the defect feature value accumulating unit calcu-
lates the accumulated defect feature value with respect
to each of the same coordinates on the substrates, and

the defect determination unit determines whether at least
any one a defect occurrence frequency at each of the
same coordinates, the accumulated defect height, and
the accumulated defect width exceeds the preset critical
value.

3. The defect analyzing apparatus of claim 1, further com-

prising:

a storage unit configured to previously store correlation
data between a cause of the defect and the defect feature
value,
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wherein when the accumulated defect feature value
exceeds the preset critical value, the defect determina-
tion unit compares the accumulated defect feature value
with the correlation data stored in the storage unit to
determine the cause of the defect.

4. A substrate processing system including the defect ana-
lyzing apparatus of claim 1, the substrate processing system
comprising:

arear surface cleaning apparatus configured to clean a rear
surface of the substrate;

a substrate transfer device configured to transfer the sub-
strate between the defect analyzing apparatus and the
rear surface cleaning apparatus; and

a controller configured to control the rear surface cleaning
apparatus to clean the rear surface of the substrate in the
rear surface cleaning apparatus based on the defect
analysis result from the defect analyzing apparatus.

5. The substrate processing system of claim 4,

wherein the controller controls the rear surface cleaning
apparatus to clean a position where the accumulated
defect feature value is determined to exceed the preset
critical value in the defect determination unit.

6. The substrate processing system of claim 4,

wherein the defect analyzing apparatus performs a defect
analysis on the substrate after a cleaning process is per-
formed on the substrate in the rear surface cleaning
apparatus, and

the rear surface cleaning apparatus performs the cleaning
process on the rear surface of the substrate based on the
defect analysis result performed by the defect analyzing
apparatus after the substrate is cleaned by the rear sur-
face cleaning apparatus.

7. The substrate processing system of claim 4, further

comprising:

an exposure transfer device configured to transfer the sub-
strate with respect to a stage of an exposure apparatus
provided outside the substrate processing system,

wherein the exposure transfer device adjusts relative posi-
tions between the stage and the substrate mounted on the
stage based on the defect analysis result performed by
the defect analyzing apparatus.

8. A substrate processing system including the defect ana-
lyzing apparatus of claim 1, the substrate processing system
comprising:

a processing apparatus configured to mount the substrate
on an upper surface of a substrate holding unit that is
provided in the processing apparatus and has multiple
protrusions, and configured to perform a preset process
on the held substrate; and

a substrate transfer device configured to transfer the sub-
strate with respect to the processing apparatus,

wherein the substrate transfer device adjusts relative posi-
tions between the substrate holding unit of the process-
ing apparatus and the substrate mounted on the substrate
holding unit based on the defect analysis result from the
defect analyzing apparatus.

9. A defect analyzing method of analyzing a defect of a
substrate performed by a defect analyzing apparatus, the
defect analyzing method comprising:

imaging target substrates;

extracting a defect feature value in a surface of the substrate
based on the substrate image;

calculating an accumulated defect feature value with
respect to the substrates;

determining whether the accumulated defect feature value
exceeds a preset critical value; and



US 9,342,880 B2

17 18
outputting a defect determination result to a preset output determining whether at least any one of a defect occur-
display unit, rence frequency at each of the same coordinates, the
wherein the defect feature value is at least any one of a accumulated defect height, and the accumulated defect
defect height or a defect width, and width exceeds the preset critical value.

the step of calculating the accumulated defect feature value 5
comprises updating an accumulation data including at
least any one of a total defect height or a total defect
width, by accumulating at least any one of the defect
height or the defect width of the substrate into at least
any one of the total defect height or the total defect width 10
with respect to each of the same coordinates on the
substrates.

10. The defect analyzing method of claim 9,

wherein the calculating of the accumulated defect feature
value is carried out with respect to each of the same
coordinates on the substrates, and

the determining of whether the accumulated defect feature
value exceeds the preset critical value is carried out by L

11. The defect analyzing method of claim 9, further com-
prising:

storing correlation data between a cause of the defect and

the defect feature value in advance,

wherein when the accumulated defect feature value

exceeds the preset critical value, the accumulated defect
feature value is compared with the correlation data to
determine the cause of the defect.

12. A non-transitory computer-readable storage medium
having stored thereon computer-executable instructions that,
in response to execution, cause a substrate processing system
to perform a defect analyzing method of claim 9.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,342,880 B2 Page 1of1
APPLICATION NO. : 14/534414

DATED :May 17, 2016

INVENTOR(S) : Shuji Iwanaga et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification, column 9, line 66, replace ““‘A™ with --x"--,

Signed and Sealed this
Fifteenth Day of November, 2016

Decbatle X Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office



